PHARMACOLOGY OF BIS -
PHOSPHONATES — DENTAL
IMPLICATIONS

Overview and scope of the problem

plays a in many
processes crucial to the survival of
higher organisms (e.g.,
)

underlie a
variety of
—including osteoporosis (estimated to
affect » 200 million individuals worldwide)
and bone lesions = accompanying certain
metastatic cancers (e.g., breast), multiple

myeloma and Paget's disease

Overview and scope of the problem
(cont'd)

bis-phosphonates | (BP's)-implicated as
the common pharmacologicalagent ina

number of patients developing
osteonecrosis of the jaw | (ONJ)

ONJ definition : “an oral cavity lesion
characterized by one (or more) areas of
bare alveolar or hard palate bone, in the
absence of local malignancy or radiation
therapy to head or neck”
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Overview and scope of the problem
(cont'd)

Bis-phosphonates  (discovered in the late
'60's) exert powerful effects on bone
remodeling and are among most common
agents used in the therapeutic management
of pathological conditions involving bone
(notably, osteoporosis and bone
complications of metastatic cancer)

(alendronate — a 2" generation bis-
phosphonate - listed among the 20 most

commonly prescribed drugs world-wide! )

Overview  and scope of the problem
(cont'd)

effects of BP’s on bone turnover_ may
other dentally relevant consequences

(e.q., effects on wound healing

following dental extractions , oral

surgery , osseo-integration | of dental

implants , etc.)




Chemical features of bis - Bis -phosphonate analogues
phosphonates
discovered in late 60’s -

Bis -phosphonates are metabolicall short alkyl or halide side-chains — low
stable analogues of pyrophosphate antireabsorptive potency (e.g., etidronate )

amino terminal group -

higher antireabsorptive potency (e.g,
alendronate )

Bisphosphonates Pyrophosphonate 2 2 d int_rOduced m 1980's T
cyclic side chains — highest antireabsorptive
potency (e.g., zolendronate )

Bis-phosphonates — Therapeutic indications Bis -phosphonate analogues
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Chemical features of bis - BP Pharmacokinetics -
phosphonates

BP preparations are available for oral or

m [ bl |
iv. administration
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Etidronate  Pamidronate Alendronate  Tiludronate  Risedronate oral absorption’ by polyvalent cations
(e.g., Ca' and Mg*"in antacids)




BP Pharmacokinetics -

BP’s accumulate at sites of active bone
turnover (e.g., jaw) - bind to exposed
hydroxyapatite ' [Ca.(RO,),(OH)] and are
engulfed by resorbing osteoclasts

when bound, BP is pharmacologically
inactive — slow release of ‘free” (active)

drug during bone resorption

Trizexponential drug elimination

Pharmacodynamic actions of BP's

BP's markedly affect bone remodeling

critical processes in bone remodeling.. are:

regulation of serum Ca ' levels and the
combined activity of osteoblasts (secrete

new bone matrix) and osteoclasts (break
down bone matrix) — this constitutes the

“osteoclast/osteoblast axis

BP Pharmacokinetics -

BP's are metabolically stable and
eliminated unchanged in the urine

Elimination of BP's

rapid renal excretion of free drug
release from bones
with high turnover (weeks-months)
release from bones with
low turnover (months-years)

BP Pharmacokinetics —

Recall: elimination t,,, of a drug determines:
- frequency of dosing/dosing integval

- time to clear drug (90% of drug
cleared in 4 half lives)

— absorption of Ca** by
intestine

— renal excretion of Ca**and ™|
intestinal absorption of Catt

— re-absorption of

Ca'' by kidney

thiazides | and loop diuretics—
renal excretion of Ca*t

"1 Ca' absorption by

intestine




— bone formation
fluoride, parathyroid hormone

— bone resorption
parathyroid hormone, vitamin D

" bone resorption
glucocorticoids, estrogens, fluoride,

bis-phosphonates

the major_effect of BP's on bone
remodeling |is to | osteoclast.activity

whereas earlier (first generation) BP's
(e.q., etidronate ) had inhibitory effects
on both bone mineralization  and
reabsorptive activities, the more potent
27 and 3 generation analogues| |
reabsorption with minimal  effects on
mineralization (i.e., on osteoblasts)

BP inhibition of bone resorption -
mechanism(s) of action

Ingestion of BP bound to bone mineral
T activity of the osteoclast proton
pump (needed to dissolve hydroxy-
apatite ) and — osteoclast apoptosis
“programmed cell death ")

BP’s also " transformation of osteoclast
precursor  cells to mature osteoclasts

“osteoclast /osteoblast axis "

BPR inhibition of bone resorption
(cont’d)

The extent to which each of the
foregoing mechanisms = contribute can
vary with each individual BP analogue

Thein bone resorption | by BP’s ‘can
a small but significant. — in bone mass
(e.0., in osteoporosis) since  osteoblasts
are not inhibited by most BP’s - but the
BP-induced T in osteoclast activity = can

impaired healing




Other pharmacological effects of
BP’s - antiangiogenesis

In addition to their effects on bone
resorption, BP's are also antiangiogenic -
this can predispose to = avascular
necrosis in regions of bone injury

Most tumors release potent angiogenic

factors such as VEGF (vascular endothelial

growth factor) which promote metastasis -
this antiangiogenic activity is the basis of
of PB use in cancer chemotherapy

Therapeutic indications for BP's

Etidronate Paget's
Didronel) Disease

no
no
es

(

Tiludronate Pagetls
(Skelid) Disease
Alendronate Qsteoporosis y
(Fosamax)

Risedronate Qsteoporosis yes
(Actonel)
--
--

BP’s are generally well tolerated and if used

appropriately can result in significant
therapeutic benefits

Bisphosphonates can cause gi disorders
such as dysphagia,esophageal or gastric
ulcers (more commonly associated with
aminobisphosphonates e.g., alendronate)

BP’s can impair mineralization of new bone

at high doses (a drug-free interval between
courses of treatment may be beneficial)

Current therapeutic uses of BP’s

management of osteopenia_ or

osteoporosis | (e.g., postmenepausal = or
secondary to corticosteroid use )

prevention of bone metastases  and of
tumoric osteolysis

treatment of Paget’s disease of bone

Note: iv BP's how being used as adjunctive
treatment in management of metastatic

cancers and multiple myeloma

Some examples of BP treatment
regimens for osteoporosis

alendronate — 35 mg (prevention).or 70
mg (treatment) given weekly
pamidronate — 90 mg iv given monthly
zoledronic acid  — 4 mg iv given monthly
(a recent study demonstrated a
significant 77 in incidence of new
fractures in post-menopausal women
with once yearly administration!)

In 20083, reports implicating use of BP's
(especially iv, at high dose) in osteo-
necrosis of the jaw (ONJ) began to'emerge

Incidence was greatest in patients being
treated for cancer and in many cases, tooth
extraction was the precipitating event




Cases of osteonecrosis of the jaw
associated with bis -phosphonates

Diagnosis # of cases Percent of total
Multiple myeloma 171
Metastatic breast 143 39
cancer
Metastatic 23
prostate cancer
Other metastatic 13 3
disease
All malignancies 350

risk = \with duration | of iv BP treatment

BR:related ONJ — an on-going
therapeutic challenge

does readily lead to

(long elimination.t, ;) — but
may limit further damage — must weigh
against potential benefits of BP therapy.

treatment of patients with

: mainly
supportive/symptomatic, and may include:
relief of pain, prevention of infection,
limitation of further bone exposure

Incidence , severity and reversibility
of ONJ in BP-treated patients. .is very
much greater with iv than oral ‘preps

Estimate: with

is approximately

(or ) whereas with

it is (range - depends
on duration of therapy)

Why preferential involvement of the jaw??

greater blood supply than other bones

faster turnover of bone related to daily
activities (high osteoclast activity)

bones of jaw overlaid with only a thin
protective layer of mucosa

BP- ONJ — Therapeutic Challenges

is — identify

Some disease-related risk factors 1.: metastatic

cancer, multiple myeloma, vascular disease,
anemia, | renal function, periodontal disease
or poor dental health generally

Some other risk factors ;| dose and

duration of BP therapy, concurrent
radiation or chemotherapy (e.g.
glucocorticoids),oral surgery, tooth
extraction, smoking




BP- ONJ — Challenges

Recent introduction of = serum C-terminal
telopeptide (CTX) testing — measures a
product of collagen degradation

produced when osteoclasts resorb bone
— provides index of bone turnover. Low
values represent supressed bone
turnover and a reduced healing capacity

Conclusions and practical quidelines

benefits of iv BP therapy (- bone pain,
hypercalcemia and skeletal complications)
in patients with metastatic cancer.far

outweigh small risk of ONJ development

oral BP's can favorably alter the course of
osteoporosige.g.,| incidence of bone
fractures, slowed loss of bone density) —Luse
of BP's likely to— markedly as proportion

of elderly in population continues tc-

Conclusions and ractical uidelines Conclusions and practical quidelines

(cont'd) (cont'd)

S O tod hithl dra] EREhsT s e ss Some recommendations include. :

frequent, more predictable (from €TX
analyses) andnore responsive to treatment
than ONJ associated with iv BP therapy

oncologist should refer patients to goiomP
therapy to dental specialist for evaluation and
correction of oral problems beforehand (e.g.,
tooth extraction, periodontal surgery, caries
an American Dental Association Expert control, dental restorations, etc.)
Panelhas recently made a number of
recommendationsregarding the dental
management of patients prior toand

following the initiation of BP treatment

dental assessment also advisable for patients t
receiveoral BP's as therapy foosteoporosis

Conclusions and practical guidelines Conclusions and practical quidelines
(cont'd) (cont'd)

Dental implants: current evidence
suggestoral BP’'s do not have an adverse
effect on osseointegration of implants

Serum CTX analysescan provide useful
information regardingisk assessmeiaind
progress of therapeutic interventions
[values< /100 pg/ml = high risk, 100-150Q
pa/ml moderate> 150 pg/ml = low risk

A “drug holiday” recommendee 4-6 months
prior to oral surgery for patients anal BP for
> 3 yearsand also for patients taki@P’s in
combination with a glucocorticoid or
methotrexate

Note: there is evidence from CTX analysis that
such “drug holidays’ are effective - and resulti
a better clinical outcome (e.g., spontaneous
resolution of exposed bone and better healing)




Conclusions and practical guidelines
(cont'd)

Therapeutic management of established ONJ
discontinue BP(if possible)

monitor fasting serum CTX and begin
palliative therapy

antibiotic therapy: directed against
actinomyces, eikenella and moraxellspecies
may be indicated(chlorhexidine, penicillin W
—or in case of penicillin allergy, doxycycline
and zithromycin — clindamycin » ineffective)




